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METHOD FOR FIBERIZING CERAMIC 
MATERIALS 

Janies E. Webb, Administrator of fee National Aeronau- 
tics mi Space Administration, wife respect to an in- 
vention of Louis E. Gates, 3r, s Inglewood, and WIISesk 
E heat. Las Angeles, Calif. 

Sled Nov. 10, 1964, Ser. No. 418,325 
5 Calais. (Cl. 65—7} 


The invention described herein was made in the per- 
formance of work under a NASA contract and is subject 
to provisions of Section 305 of the National Aeronautics 
and Space Act of 1958, Public Law 85-568 (72 Stat. 435; 
42 USC 2457). 

This invention relates to a process for fiberizing ceramic 
materials, and it further relates to materials suitable for 
fiberizing. 

With the increasing need both in industry and govern- 
ment for ceramic materials having relatively high fusion 
temperatures and tensile strengths, the effort to obtain 
such materials and a process to fiberize the same has in- 
creased. For instance, heat resistant types of materials 
which will provide adequate protection to individuals and 
critical aerospace components are in considerable demand 
in the aerospace industry. Individuals working in heat 
hazardous areas need adequate protective clothing, and 
mechanical components, proximate to the high tempera- 
ture zones of rocket engines, need to be fabricated of 
heat resistant materials. 

In the absence of suitable materials these components 
are destroyed or subject to destruction which may very 
well result in aborting and delaying a program until the 
damage is repaired. 

The aforementioned increased effort has produced the 
hereinafter described process and materials. 

The instant invention comprises, generally, a five-step 
process for fiberizing ceramic materials having relatively 
high fusion temperatures and tensile strengths. The five 
steps are: 

(1) Rotating a substantially vertically disposed ceramic 
rod while heating one end thereof at a sufficiently high and 
precisely controlled temperature to achieve obtaining a 
uniformly homogeneous molten droplet on the heated end 
thereof; 

(2) Moving said rod to a position above an annular 
ring nozzle; 

(3) At which time rotation of the rod ceases; 

(4) Moving an annular ring nozzle and the ceramic 
rod relative to each other whereby the ring nozzle sur- 
rounds the heated end of the rod; and 

(5) Fiberizing the droplet by blasting it with, general- 
ly, inclined downwardly and precisely directed jets of high 
pressure gas, there being a predetermined delay or dwell 
time between steps (1) and (5) to achieve optimum vis- 
cosity of the material. 

The ceramic materials, suitable to be fiberized by the 
foregoing process, are uniquely formulated to provide for 
relatively high fusion temperatures and tensile strengths. 
When properly treated by the process, the materials pro- 
vide a relatively high yield of glass fibers which may be 


converted into fabrics or rigid structural components 
which are remarkably resistant to heat. 

The prior art fails to teach two or more of the afore- 
mentioned process steps. A typical example of a process 
for fiberizing materials relies on the materials initially be- 
ing in a liquid state, and in this condition the material 
is blasted by jets of gas. The likelihood of obtaining glob- 
ules or unfiberized contaminants mixed with the glass 
fibers is excellent. 

Another typical prior art example employs the hori- 
zontal process for fiberizing materials. A horizontally held 
ceramic rod is heated and simultaneously fiberized, there 
being no control of the ceramic viscosity. Since viscosity 
control is absent the material flows away from the blast- 
ing jets, or the viscosity is such as to preclude obtaining 
high yield. 

Another example of prior art deficiency uses blasting 
jets of gas which are not precisely directed at the ma- 
terial, thereby resulting in reducing the fiber yield. 

The prior art also fails to teach the use of tempera- 
tures required for melting refractory glasses together with 
the precise control over the temperature of molten ma- 
terial to achieve efficiency in converting the molten ma- 
terial into usable fibers. 

The foregoing and other advantages of the process 
invention and materials employable therewith will be- 
come more apparent from a consideration which follows 
taken in conjunction with the drawings. 

FIG. 1 is a schematic drawing illustrating the process 
for fiberizing ceramic materials; 

FIG. 2 is an enlarged sectional view partially in eleva- 
tion, illustrating, in solid lines, the position of the ceramic 
rod surrounded by an annular ring nozzle, and the loca- 
tion of the lower heated end of the rod with respect to 
the direction of flow of the bursts of gas jets; and 

FIG. 3 is a plan view, partially in section, taken on 
line 3—3 of FIG. 2. 

The process 

Referring to the schematic illustration of the process 
disclosed in FIG. 1, fiberizing of a heated portion of a 
ceramic rod 16 is accomplished in two zones, a heating 
zone, broadly designated 12, and a fiberizing zone, broad- 
ly designated 14. It is to be understood ceramic as used 
here may include glass, frit or other equally applicable 
materials. 

Ceramic rod I®, while being rotated about its longi- 
tudinal axis, is held in a substantially vertical position. As 
illustrated in FIG. 1, the ceramic rod is held at the ex- 
treme free end of an arm 16 which rotates about a central 
vertical axis 18. However, several other means of holding 
rod 16 vertically is available, and the mode of holding 
rod 10 in FIG. 1 is not to be considered a limitation, but 
only an illustration having for its purpose the depicting of 
one possible means of achieving acceptable results. 

With ceramic rod 10 held in the solid line position illus- 
trated in FIG. 1, the lower end thereof is located between 
a pair of spaced carbon electrodes 20 which when ener- 
gized produce sufficient heat to achieve melting of the 
lower end of the ceramic rod. The rotation of rod 10 to- 
gether with the heating produces a relatively uniform 
homogenous molten droplet 22. 


5 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


60 



3,337,815 


3 

Although carbon electrodes 28 are illustrated as the 
means of heating rod 1C in heating zone 12, it is to be 
understood mercury type heat lamps may also be used 
as weii as other types of devices which are applicable for 
achieving comparatively high temperatures. 

When droplet 22 is formed, rod 18 is removed from 
zone 12 and transferred to fiberizing zone 14 where an 
annular ring nozzle 24 is raised from the dotted line 
position, illustrated in FIG. 2 to the solid line position 
in surrounding relationship to rod 1®. Nozzle 24 is posi- 
tioned between upper end 26 of rod IS and droplet 22, 
and with nozzle 24 in surrounding relationship to rod IS 
rotation of the rod ceases. 

The position of ring nozzle 24 is comparatively critical 
in order to obtain maximum yield of fibers. Hie longitudi- 
nal axis of the ceramic rod should also comprise the 
major axis of a cone produced by inclined downwardly 
directed bursts of gas, to be hereinafter described in 
greater detail, with the apex of the cone occurring at the 
extreme free end of the molten droplet 22. In other words, 
the angle formed by the bursts of gas with respect to 
the longitudinal axis of the ceramic rod 1® is acute, and it 
has been found this acute angle should be between about 
25° and 50° depending on the material being fiberized. 

Sing nozzle 24 is, generally, rectangular in cross-section 
having a substantially horizontal upper wall 2®, a sub- 
stantially horizontal lower wall 3©, and a substantially 
vertical outer wall 32, all of which are imperforate. The 
inner wall comprises two sections, a substantially vertical 
wall 34 and a declined wall 36, the former being imper- 
forate and the latter having a multiplicity of perforations 
38 therein from which bursts or jets of gas are, generally, 
downwardly discharged. The walls define a gas chamber 
4© which is supplied by gas from supply line 42. 

•In order to achieve maximum yield of fibers, it is neces- 
sary the viscosity of the droplet 22 be optimum, and it has 
been determined a 0-5 second delay between forming of 
the droplet and fiberizing of the same will achieve the 
desired viscosity. The ceramic material of the rod deter- 
mines the delay or lag time. 

It has been determined that a burst of gas, pressurized 
to between about 250-350 pounds, the optimum pressure 
being substantially 300 pounds per square inch, will 
achieve optimum production of fibers. In other words, one 
burst per droplet 22 or 50 bursts per 50 droplets will 
achieve an optimum production of fibers. The fiber yield, 
for purposes of convenience, is reported as grams per 50 
blasts. 

A valve, not shown, upstream from supply fine 42 may 
be automatically controlled to achieve the burst. The 
burst of gas and the duration depend largely on the ma- 
terial being fiberized and the effect of cooling on the 
droplet. 

Each time rod 10 appended by a fresh molten droplet 
is surrounded by annular nozzle 24, the upstream valve 
is automatically actuated to release pressurized gas for 
producing fibers. The blast pressure and duration is to be 
adjusted according to the physical nature of the molten 
material to be fiberized. The composition of the material 
determines its viscosity and surface tension and the de- 
pendence of these two parameters upon time. The re- 
quired cooling rate immediately after the fibers are formed 
is dependent upon the rate at which the fiber solidifies. 

The gas employed may be air, steam or other gases 
inert to the ceramic material. 

The burst of gas striking molten droplet 22 will pro- 
duce fibers of the material which can then be collected 
and used to weave materials having the aforementioned 
physical properties. Rigid components having relatively 
high fusion temperatures and tensile strengths may be 
fabricated by combining the fibers with a suitable binder. 

After the maximum yield of fibers is obtained from 
droplet 22 rod 1® may be returned to zone 12, and the 
process repeated. This procedure may be followed until 
ceramic rod 1© is totally consumed. 


The material 

A relatively large number of ceramic materials having 
relatively high fusion temperatures and tensile strengths 
have been produced and tested. It was determined those 
materials hereinafter listed in Table I met the require- 
ments: 

table I 


10 


15 


20 


Composition 

Fiber Yield 
gm. par SO 
Blasts 

Material 

Percent 

siOj 

33.00 


•fAhOs 

48. GO 

• &a 

MgO 

16.00 


SiOs 

35.60 


AUOs 

30.60 


MgO 

9.50 

duo 

ZrO* 

2150 


r 3iO» 

50.00 


AlsO* 

22.50 

8.6 

MgO 

7.50 

ZrO s 

20.00 


SlOj 

60.00 


AliOt 

7.50 


MgO 

2.50 


ZrOa 

30 . 00 


SiOj 

45.00 


ZrOs 

45. CO 

1.2 

PbO 

10. GO 


SiO* 

35.00 


lAIiOj 

32.50 

1.5 

ZnO 

32.60 


SiOj 

60.00 


AljO» 

27.00 

7.0 

MgO 

3. GO 

ZrO* 

20.00 


SiO* 

17.90 


AliO, 

35.70 


ZnO 

35.70 


SbjO* 

10. 70 


SiO* 

60.00 


^AiaOs 

10.00 

3.4 

ZrO, 

30.00 


SiO* 

68.20 


AI 2 Oj 

7.28 


■I MgO 

2.42 

2.2 

ZrO £ 

29.20 


Sa*0* 

2.90 


AlsO, 

57.00 

, 

ICsFi 

43.09 



Fiber Fusion 
Temp., • G. 


25 


30 


35 


4.-. 
5 


11 


1,475 

1,459 

1,4K5 

1.605 

1,680 

1,810 

1,530 

1.830 

1,575 

1,675 

1,530 


40 


Although the table illustrates the optimum percentage of 
the compositions, it is to be understood the Si0 3 com- 
pound may vary between about 10-65%, Aljp 3 may vary 
45 between about 0-75%, MgO, Zr0 2 , ZnO, Sb 2 0 3 and FbO 
may vary between about 0-55%, and CaF 2 may vary 
between about 25-50%. In the event PbO and A1 2 G 3 are 
used together the total percentage limit is 0-8%. 

The compositions of Examples 6 and 8 are known as 
50 modified zinc aluminum silicate glasses or ceramics, and 
the tensile strength is known to be as great as 1,065,000 
pounds/square inch, the mean tensile strength being 331,- 
350 pounds/square inch. 

Example 5 discloses Si0 2 and Zr0 3 are used in equal 
55 amounts, and added to the two compounds is a relatively 
low percentage of PbO which may be considered a glass 
modifier. The addition of the PbO contributes to increas- 
ing the fiber yield. 

The A1 3 0 3 in Example 9 is employed for the purpose 
60 of lowering the viscosity of ceramic material when heated 
while at the same time contributing to the attainment of 
a high fiber yield. 

The mean tensile strength of Examples 1, 3, 4, 7 and 
10 has been determined to be 267,000 pounds/square 
65 inch, and the mean tensile strength of Example 11 has 
been determined to be 295,000 pounds/square inch. 

A1 2 G 3 is considered the glass former in Example It 
with CaF a acting as the modifier. One school of thought 
indicates the larger diameter of the fluoride anion is re- 
70 sponsible for its ability to aid in glass network forming 
believing it promotes a greater state of disorder which 
is responsible for glass formation. 

In the case of Example 11 of the itemized list, it has 
been found the optimum molar ratio is 1:1. 

75 In Examples 1, 3, 4 and 10 it has been determined 
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best results may be achieved by maintaining the molar 
ratio of AI 2 O 3 to MgO of 3 : 1. 

If the ceramic compositions are those listed in Table 
H, it is to be noted the aforementioned delay time occur- 
ring between step or phase 1 and phase or step 5 of 
the process varies between 0.5-3 seconds, and 50 blasts 
of gas pressurized to 300 pounds per square inch pro- 
duces the yield and fiber texture indicated. 


table n 


Composition, 
Weight percent 

Fusion 
Temp., • C. 

Belay 

Time, 

seconds 

Blasting 

Pressure, 

p.a.i. 

Yield 
grams per 
60 blasts 

8iOj 

36.0 

48.0 

16.0 

35.5 

30.5 

9.5 

24.5 

50.0 

22.5 

7.5 

20.0 
60.0 

7.6 

2.6 
30.0 

1,600 

8 

300 

6.6 

MgO 





BiOi 

1,460 

2 

300 

6.8 

MgO 





ZrOa 





BiOj 

AlaOj 

1,400 

3 

300 

0.0 

MgO 










SiOs 

1,610 

H 

300 

3.6 

MgO 





ZrOs 











Synthesizing the ceramic rods is accomplished in the 
following manner: Chemically pure oxides are accurately 
weighed and blended in a counter-current batch mixer 
with water and sufficient organic binder to produce ex- 
trusion consistency. Extrusion is performed through a 14 
inch diameter vacuum die with the aid of a hydraulic 
press. The eight-inch-long rods produced are then dried 
and sintered in air to 1250° C. A sintered rod can then 
be fiberized using the aforementioned process. 

While the inventions have been described herein in 
what is considered preferred embodiments, it should be 
recognized departures may be made therefrom within 
the scope of the inventions, and the inventions should 
therefore not be limited to the details of the within dis- 
closures, but should be accorded the full scope of the 
appended claims. 

What is claimed is: 

1. A method of fiberizing ceramic materials to achieve 
a relatively high yield of fibers comprising: 

(a) heating one end of an elongated ceramic rod un- 
til a relatively uniform homogeneous molten droplet 
forms on the heated end thereof; 

(b) moving said rod from the heat zone to a position 
proximate to annular ring nozzle; 

(c) moving said rod and ring nozzle relative to each 
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other whereby the ring nozzle surrounds the moites 
droplet portion of the ceramic rod; and 

(d) fiberizing the droplet with inclined downwardly 
directed jets of pressurized gas. 

5 2. A method of fiberizing ceramic materials according 

to claim 1 wherein said ceramic rod, in step (a) is ro- 
tated about the longitudinal axis while being heated to 
achieve obtaining a relatively uniform homogeneous mol- 
ten droplet. 

10 3. A method of fiberizing ceramic materials accord- 

ing to claim 1 wherein the apex of the gas jets form a sub- 
stantially acute angle with the longitudinal axi 3 of said 
ceramic rod, the acute angle being between about 25° 
and 50°. 

15 4. A method of fiberizing ceramic materials according 

to claim 1 wherein said gas in step (d) is pressurized be- 
tween approximately 250 and 350 pounds per square inch. 

5. A method of fiberizing ceramic materials to achieve 
a relatively high yield of fibers comprising: 

20 (a) rotating a vertically held elongated ceramic rod 

in a heat zone until a relatively uniform homogene- 
ous molten droplet forms on the lower end thereof; 

(b) moving said rod from the heat zone to a position 
proximate to an annular ring nozzle where rotation 

25 of the rod ceases; 

(c) moving said rod and ring nozzle relative to each 
other whereby the ring nozzle surrounds the molten 
droplet portion of the ceramic rod; and 

(d) fiberizing the droplet with inclined downwardly 

80 directed jets of pressurized gas, there being a lag 

time from achieving the molten droplet of step (a) 
to fiberizing the droplet of step (d) between about 
0-5 seconds to achieve optimum viscosity of the 
droplet to obtain the maximum fiber yield. 

35 
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